Edge welding of laminated steel structure by pulsed Nd:YAG laser  by Markovits, T. & Takács, J.
 LANE 2010 
Edge welding of laminated steel structure by pulsed Nd:YAG laser  
T. Markovitsa,*, J. Takácsa 
aBudapest University of Technology and Economics, Department of Vehicle Manufacturing and Repairing, 
2. L. Bertalan, Budapest, 1111, HUNGARY 
 
Abstract 
The construction of the electric motor components consists of laminated electrical steel structure. However this 
design needs to fasten the separated sheets. One of the possible joining processes is the welding technology. 
Neverthless the welded seam geometry influences the magnetic loss during the operation of the motor. The smaller 
the depth of the seam, the less the magnetic loss. Next to the conventional welding the laser welding is an alternative 
technology to fix the laminated structure.  
In this research work the effect of the laser parameters on the geometry of the welded seam were investigated 
applying a pulsed Nd:YAG laser. 
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1. Introduction 
Laminated electrical steel structures are applied in case of electric motor components because of the less eddy 
current. Characteristically the thickness of the sheets are 0.2-0.5 mm. The electrical steel has a low carbon content, 
but because of the appropriate magnetic properties the Si content is higher than that of conventional steels. The 
blanked sheets are clamped and fastened by riveting, welding or sticking  technology [1].  
In case of welding the direction of the seam is perpendicular to the plain of the sheets (edge welding 
positions). In case of conventional welding processes an edge preparation is necessary to ensure the smooth 
surface where the seam is below the plane of the edges. The conventional welding processes are the TIG or 
plasma welding. 
The produced bead geometry especially the depth of the bead influences the magnetic loss during the operation 
of the motor [2]. The smaller the depth of the bead, the less the magnetic loss. Conventional welding methods are 
less capable to control the width and the depth of the bead than the laser welding process [3].  
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The laser technology is already used for laser cutting of sheets if a flexible manufacturing is necessary [4]. As the 
laser cutting offers some advantages the laser welding has also many positive effect: well controlled area of heating, 
less heat input, well controllable weld bead and the aspect ratio of bead can be higher. It is possible to create a weld 
bead which is below the plane of the edges of the sheets and the depth and the width of the bead can be controlled 
precisely [5]. The laser welding is also already used for the joining of laminated structure, but there are several 
possibilities to choose the right laser source. The most important variables are the wavelength (visible, near or far 
infrared ranges) and the laser mode (continuous or pulsed laser). 
The welding position (edge welding) of a laminated structure is different from the most common welding 
positions (butt, T and lap welding) from the point of view of the laser technology, because in edge welding the 
fastened thin sheets do not compose a bulk construction. The gaps between the sheets create an interruption for the 
energy absorption and the heat transport processes. The lack of continuity has an effect on the melting and the 
solidifying processes too. The periodic presence of gaps could also have an effect on the porosity of the seam. 
Connecting to the requirement, our motivation was to clarify the possibilities and limits of laser welding using a 
Nd:YAG laser. Consequently in this research work the effect of the laser parameters on the formation and the 
geometry of the welding bead were investigated applying a pulsed Nd:YAG laser source. 
2. Experiments 
In the research work the applied base material for the experiment was an electrical steel which has 1% Si content. 
The sheet was blanked and the thickness was 0.5 mm. The laminated structure was built from 20 pieces of sheets 
and it was fixed with a clamping unit. The laser equipment was a pulsed Nd:YAG laser (LASAG SLS 200) with 
TEM00 laser mode. The laser beam was guided by optical fibers to the laser head from the resonator. The beam was 
focused by a lens with 100 mm focal length. The diameter of the laser spot was 2 mm on the surface of the sample. 
The movement of the laser beam was perpendicular to the plane of the sheets. The schematic view of the laser 
welding experiment can be seen in Fig. 1. 
 
 
Fig. 1. The schematic view of the experimental setup 
      The laser source had a pulsed mode resonator therefore the welding was a spot welding process. The distances 
between the spots mostly depended on the pulse frequency and the welding speed. In pulsed mode laser source the 
peak power of the pulse, the length of the pulse and the pulse frequency determine the average laser power. Apart 
form the laser power the spot diameter and the speed of the laser spot are the most important parameters. The pulse 
power and the pulse length determine the pulse energy. During our experiments the laser pulse energy was changed 
to determine the range in which a continuous weld bead can be created between the sheets. The average laser power 
was 200 W but the laser pulse energy were 1, 2, 20, 50 J. In this case the welding speed was constant, 150 mm/min.  
Determining the necessary pulse energy range, the speed of the laser spot was changed in order to clarify the 
effect of welding speed using different laser pulse energies. In this case the laser pulse energies were 25, 35, 50 J 
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and the speed was varied: 50, 75, 100, 125, 150 mm/min. The applied laser parameters can be seen in Table 1. 
Considering the maximal average laser power of the equipment the higher the laser pulse energy the lower the 
useable laser pulse frequency. 
Table 1. Parameters of different laser setups 
Experimental setups Pulse energy, Ep (J) Pulse frequency, f (Hz) Pulse time, tp  (ms) 
S1 1 200 0.35 
S2 2 100 0.45 
S3 20 10 3.7 
S4 35 5.7 7 
S5 50 4 11.5 
 
After the determination of the effect of welding speed in case of different laser energy the affect of laser pulse 
duration was investigated in case of higher pulse energies when the bead depth was higher (35 J and 50 J). The pulse 
energies and the pulse frequencies were equal with the setup S4 and S5. The pulse times were: 11.5, 14, 16, 18, 20 
ms. The geometry of the seam was measured and evaluated. Argon shielding gas was used during the experiment to 
protect the weld pool and the optical component of the laser head. The experiment was carried out three times with 
the same setup and the illustrated results are the mean and standard deviation of the values. 
Our goal was to determine the effect of the laser pulse energy, the pulse duration and the welding speed on the 
weld bead geometry (the depth and the width of the bead).  
3. Results 
The average laser power is not the most important parameter of the heat input in case of pulsed laser welding. 
The three parameters of the laser pulse are determining more precisely the laser power. In order to exploit the 
possibility of the laser equipment the average laser power was chosen near to the maximum at first step, which was 
200 W.  
 
(a) Ep=1 J 
 
 
(b) Ep=2 J 
 
 
(c) Ep=20 J 
 
(d) Ep=50 J 
  Fig. 2. The surface topographies of the laser welded seams in case of different laser pulse energies (v=150 mm/min) 
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(a) Ep=1 J 
 
(b) Ep=2 J 
 
(c) Ep=20 J 
 
(d) Ep=50 J 
Fig. 3. The cross-section of the laser welded seams in case of different laser pulse energies (v=150 mm/min) 
 
The laser pulse energy was varied. The surface topography of the surrounding of the bead and the cross-section 
of the welded seam can be seen in Fig. 2 and Fig. 3. We can see that the weld beads have a different width. The 
reason of this is the different pulse energy at the same average power, because there is a limit when the pulse energy 
is not enough to melt the material in the whole diameter of the laser spot. It can be seen clearly that the 1 J and 2 J 
pulse energy is too low to create a continuous bead. The edges of the sheets are melted but in case of 1 J pulse 
energy there is no connection between the sheets. At higher 2 J pulse energy the connection evolved between more 
sheets but the lack of continuity implies that the energy is too low for a stable process. If we look at the geometry of 
the bead in Fig. 4. we can see that the width of the seam is less than the adjusted laser spot size.  
If the laser pulse energy is higher than 20 J the seam is continuous and the bead width is close to the diameter of 
the adjusted laser spot size. The pulse energy changes not just the width of the seam but its depth too. 
As the laser equipment is not suitable to emit higher pulse energy with the same pulse frequency – due to the 
maximal average power – the differences of the overlapping of the spot can be seen in the topography of the 
surfaces. 
Comparing the changes in the weld width and depth in Fig. 4. we can conclude that the width of the seam 
changes with the value of the laser pulse energy, but the depth increases slower until the highest 50 J energy is used.  
 
 
Fig. 4. The geometries of the laser welded seams in case of different laser pulse energies (v=150 mm/min) 
      From the first part of the results we can conclude that above 20 J laser pulse energy a continuous seam is 
produced. Therefore we investigated the effect of the welding speed on the geometry of the weld bead. The depth 
and the width of the weld beads are shown in Fig. 5. In the second part of the experiments the input heat was higher 
because of the slower process speed, therefore the sizes of the beads were bigger. During these experiments a 
continuous seam was created in every case. Due to the higher heat input the bead geometry has a higher aspect ratio 
if the pulse energy is higher. Analyzing the diagram we can establish that the weld depth decreases with the increase 
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of the welding speed, as we expected. The diagram shows the measured points and the linear regression for each 
pulse energy. Higher pulse energy means higher weld depth values.  
 
 
(a) 
 
(b) 
Fig. 5. The effect of the welding speed on the weld depth (a) and the width of bead (b) in case of different laser pulse energies 
 
Comparing the effect of welding speed and pulse energy it can be seen that increasing pulse energy is a more 
efficient way to create a larger weld depth. Therefore depending on the required depth the necessary laser pulse 
energy has to be used. In case of welding of motor components the higher weld depth does not mean better joints 
because the deeper weld beads cause higher magnetic loss. So in this case the approximately 1 mm deep bead is 
appropriate.  
The other aspect is the strength of the joint, but it can be enhanced by the number of welded seams per 
workpiece. Analyzing the measured values we can see that the deviation in case of higher pulse energy is higher, so 
the reliability is less than in the lower region.   
The width of the bead decreases as the welding speed increases. The change of pulse energy from 20 J to 50 J 
caused less than 20 % increase in the weld width, while in case of weld depth the difference was more than 150 %. 
So we can conclude that the pulse energy has a stronger effect on the weld depth than on the weld width. 
 
 
(a) 
 
(b) 
Fig. 6. The effect of the pulse time on the weld depth (a) and the width of bead (b) in case of different laser pulse energies (v=75 mm/min) 
In case of the used laser source the given pulse energy can be realized by different pulse shapes (pulse time and 
peak pulse power). If the pulse time increases the peak pulse power decreases by the same pulse energy. To clarify 
the effect of this phenomena the effect of the pulse duration was investigated on the geometry of the bead. The 
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results are illustrated in Fig. 6. In these experiments the available pulse duration range was investigated using 35 J 
and 50 J pulse energy.  
Analysing the effect of the pulse time on the weld depth we can conclude that the increasing pulse time decreases 
the weld depth in both energy values. It is caused by the lower peak power of the pulse. The change of the peak 
power changes linearly with the pulse time. The points of values are excepted in a linear tendency therefore a linear 
regression was applied. Comparing the different pulse energies we can establish that the higher the pulse energy the 
higher the weld depth values, as we excepted. The angles of the lines show that the in case of higher pulse energy 
the pulse time has an stronger effect on the weld depth than in the lower ranges. Therefore the sensitivity of the 
technology is higher. Considering the values of the width of weld we can see the same tendencies, but the 
differences between the investigated range  are lower that the weld depth.  
4. Conclusions 
Summarizing the results, in this research work we investigated some basic factors which have an influence on the 
laser weld bead geometry. Of course further investigation is necessary in order to clarify the effects of the other laser 
parameters on the weld geometry, which have to be completed with tensile strength testes. The welding speed could 
be increased by using a laser source with higher average laser power. The porosity in the weld seam has to be 
investigated in the future too. We can conclude from the research work the following: 
• The applied pulsed laser source is suitable to weld the laminated electrical steel structure 
• Increasing welding speed decreases the sizes of weld geometry at the same energy 
• The laser pulse energy has a higher effect on the weld bead geometry than on the welding speed 
• The laser pulse energy above 20 J is suitable to produce a continuous joint 
• Increasing pulse time decreases the sizes of weld geometry at the same energy 
• The pulse time and welding speed have a higher effect in ranges of higher pulse energies  
• The pulse energy, the pulse time and the welding speed influence the width of the weld less than the depth of the 
weld    
• In order to increase the welding speed a higher average laser power range has to be applied 
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